The wide variation in STEM curricula and lack of coherence are two of the many factors that birthed the common standards initiative to examine what is taught, when it is taught, and how to test student performance. Bybee (2000) stated that standards influence the entire educational system because they are inputs, but they also define outputs. Similarly, Wulf (2000) noted that standards provide a much needed reference point for developers of curriculum and instructional materials. The question then arises: Which content standards should guide what students need to know with regard to comprehending principles that may lead to the goal of STEM literacy?
This paper seeks to address the first challenge identified by the National Science Board, "ensuring coherence in STEM learning" (2007, p. 1) . Some thoughts about designing a set of content standards and a possible process that could contribute to the realization of this goal are presented. It should be noted that providing a clear set of standards is beyond the capabilities of this author. Nonetheless, clear standards for STEM literacy are very important to CTE profession because they provide direction for teachers to structure instruction methods to ensure students achieve a set of expected competencies. This essay contributes to ongoing discussions about STEM content standards that can guide instruction in order to realize the goal of STEM literacy. As a starting point, educators should comprehend literacy from a science, technology, engineering, and mathematics perspective and examine the categories for content standards from these disciplines for common themes that may guide STEM instruction and integration into the CTE curriculum. This essay presents a description of what science, technological, engineering, and math literacy entails and a process of identifying STEM literacy standards.
Math, Science, and Technological Literacy to STEM Literacy
Given the pressing needs for a high quality STEM workforce in 21 st century economies, proposals for science, technology, engineering, and mathematics are being developed to meet and create pathways to a wide range of interesting and exciting career opportunities. The goal of this amalgation is to seek knowledge in science, technology, mathematics, and engineering in order to achieve STEM literacy. An examination of the content standards related to math, science, technology, and engineering disciplines describes the knowledge, skills, and proficiency students should acquire in each area of study. Content Standards guide the creation of goals and expected outcomes that are measurable by some form of assessment procedures that seek to examine the growth in students learning experiences (National Academy of Education [NAEd], 2009 ).
According to Kintgen, Kroll, and Rose (1988) , the term literacy is usually interpreted as the ability to read and write. However, extensions of this term, to computer literacy, cultural literacy, political literacy, and of course STEM literacy, suggest that the semantic aspects of this term are very important. Although educators generally use literacy in its descriptive sense, it is the evaluative sense of the term-the mastery of a body of knowledge-that provides an understanding of the intended meaning. With advocacy to integrate STEM disciplines into CTE curriculum, it is imperative that we examine each discipline and what kind of literacy each advocates.
Science is a process of producing knowledge; the process depends on making careful observations of phenomena in the natural world and inventing theories for making sense out of those observations and therefore develop in students a set of predetermined beliefs about their natural environment (AAAS, 1989) . Further, a scientifically literate individual is one that is able to sensibly deal with problems that often involve evidence, quantitative considerations, logical arguments, and uncertainty, not only with respect to decisions involving their own lives, but also with respect to issues that affect societies in general. Such a person has the ability to describe, explain, and predict natural phenomena as well as comprehend articles about science in the popular press and engage in social conversation about the validity of the conclusions (AAAS, 1989) . In light of this view, Dani (2009) posited that scientific literacy is the knowledge and understanding of scientific concepts and processes required for: personal decision making, identification of scientific issues underlying economic productivity at the national and local level, as well as express positions that are scientifically and technologically informed. In other words, an individual can ask, find, or determine answers to questions derived from curiosity about everyday experiences.
Technology seeks to develop new knowledge by extending our abilities to change the world and cut, shape, or put together materials to satisfy our needs. In contemporary society, technological processes constitute a complex social enterprise that not only includes research, design, and crafts, but also includes finance manufacturing, management, labor, marketing, and maintenance (AAAS, 1989) . Gagel (1997) suggested that technological literacy implied the ability to use, manage, understand, and access technology leading to four generalized competencies: (a) accommodate and cope with rapid and continuous technological change, (b) generate creative and innovative solutions for technological problems, (c) act through technological knowledge both effectively and efficiently, and (d) assess technology and its involvement with human life judiciously. The International Technology Education Association (ITEA/ITEEA) defined technological literacy as "the ability to use, manage, assess, and understand technology" (2000/2002/2007, p. 242) . Garmire and Pearson (2006) provide a three dimensional view that includes (a) knowledge, (b) capability, and (c) critical thinking and decision-making. "First, a technologically literate person must have a certain amount of basic knowledge about technology…. Second, a technologically literate person should have some basic technical capabilities, such as being able to work with a computer and to identify and fix simple problems in the technological devices used at home and in the office. More generally, he or she should be able to employ an approach to solving problems that rely on aspects of a design process…. And third, a technologically literate person should be able to think critically about technological issues and act accordingly" (Garmire & Pearson, 2006, p. 21) .
Engineering is the profession in which knowledge of the mathematical and natural sciences gained by study, experience, and practices are applied to develop ways to economically utilize the materials and forces of nature for the benefit of humanity (Jones, 2000) . The knowledge needed to solve an engineering problem is pre-defined by the context. This context determines relevant knowledge that requires the integration of mathematical principles and scientific knowledge for the purpose of solving or meeting societal needs. Engineering integrates the principles of science and the fundamentals of mathematics for the purpose of meeting societal needs. Heywood (1993) stated that engineering literary requires that we understand how individuals, organizations, and society interact at a variety of levels of technology in an engineered world, and how in this process we can exercise purposive control over the changes that technology creates in our lives. For example, a course that includes basic engineering will help students unravel some of the mysteries of technology necessary to succeed in the workforce of a technological society. The idea of engineering literacy is synonymous with technological literary, since it is difficult to differentiate between the two, though engineers may argue differently. However, engineering serves as the connection between scientific and mathematical theory and the technology we use in our everyday lives. For example, a certified nursing assistant in laboratory health care systems uses technology to gather information, compute gathered data, and make critical decisions based on this information from various products that have been engineered. Therefore, it's a profession devoted to designing, constructing, and operating structures, machines, and other industry devices. This is characteristic of 21 st century work environments, which are a mosaic or collage of solutions to engineering problems.
Mathematics is the study of any patterns or relationships (AAAS, 1993) . Mathematics explores the possible relationships among abstractions, which can be anything from a string of numbers to geometric figures to a set of equations. Because of its abstractness, mathematics is universal in a sense that other fields of human thought are not. It finds useful applications in business, industry, music, history, politics, sports, medicine, engineering, and social and natural sciences. According to the Organization for Economic Co-operation and Development (2003), mathematical literacy is an individual's capacity to identify and understand the role that mathematics plays in the world, to make well-founded judgments, and to engage in mathematics in ways that meet the needs of that individual's current and future life as a constructive, concerned, and reflective citizen. Therefore, mathematics plays a central role in modern culture, and some basic understanding of the nature of mathematics is requisite for a better understanding of the world.
Although each of these disciplines has a character and history of its own, they are interdependent and reinforce each other. New insights from science often catalyze the emergence of new technologies and their applications, which are developed using engineering principles. In turn, new technologies create opportunities for new scientific investigations (National Research Council, 2011) . It is the union of science, mathematics, and technology that forms the scientific endeavor, which is further reinforced by engineering principles that reflect our modern designed world and the quest for STEM literacy (AAAS, 1989) .
So, what is STEM literacy, and how can it be attained? Leon Lederman, a renowned physicist, posited that STEM literacy implied that an individual operating in a knowledge-based economy has the ability to adapt to and accept changes driven by the new technology, work with others across borders, anticipate the multilevel impacts of their actions, communicate complex ideas effectively to a variety of audiences, and find measured yet creative solutions to problems that are today unimaginable (National Governors Association, 2007) . On the contrary, Williams (2011 ), Sanders (2009 ), and Pitt (2009 have argued that there seems to be little clear discussion about the similarities, differences, and relationship between science, technology, engineering, and mathematics as school subjects; the idea of STEM literacy is a vague idea that is laudable but problematic with regard to educational outcomes, scientific literacy, and technological literacy-although reasonably well researched and defined, an amalgam of the three has not been developed nor tallied.
Standards and the School System
Subramanyam (1981) described standards as "fundamental to many aspects of modern life including science, technology, industry, commerce, health, and education. Standards and specifications are documents that stipulate or recommend: (1) minimum levels of performance and quality of goods and services, and (2) optimal conditions and procedures for operations in science, industry, and commerce" (as cited by Erdmann, 2010) (Massell, 2008) . Today, discussions around education reform are focused on developing common core standards. The mission statement of the standards directly relates to CTE: "relevant to real word, reflecting the knowledge and skills that our young people need for success in college and careers" (Bray, 2011, p. 6) . Although these statements seem to support taking action and designing standards for integrating STEM disciplines into CTE curriculum, most are sparse on the details of what to do and how to do it.
Could Technological Literacy Standards Be a Common Approach to STEM
Literacy Standards? The study of technological process provides students with opportunities to learn about the processes of design, fundamental concepts of technology and engineering, and the limits and possibilities of technology in society. Standards for Technological Literacy: Content for the Study of Technology, national standards released by the International Technology Education Association (ITEA/ITEEA) in 2000, identifies and defines 20 standards that every student should know and be able to do to be technologically literate. Widespread acceptance of technological literacy as a desirable outcome for both academic and vocational education has led to the development and implementation of a variety of curriculum innovations in the field of career and technical education (Prime, 1998) .
In 2009, ITEEA proclaimed that the delivery of STEM education content is closely aligned with the same core content as the Standards for Technological Literacy (STL). The organization stated that the content contained within the STL standards was the foundation for students to develop 21st Century STEM literacy-the very core of abilities needed for students to become advanced problem solvers, innovators, technologists, engineers, and knowledgeable citizens. ITEEA believes that all true STEM programs must include STL as a ladder to help students achieve STEM literacy (ITEEA board of directors, 2009). Gorham, Newberry, and Bickart (2003) offered a starting point for such a discussion by illustrating the connection between the Standards for Technological Literacy and Engineering Criteria 2000, criterion 3. They further stated that STL provided a focused guide for improving technological literacy and the standard will provide a much needed reference point for developers of curriculum and instructional materials in addition to laying a foundation for building a technologically literate society (Gorham, Newberry, & Bickart, 2003) .
Most often educators have developed integrated STEM programs around shared themes based on existing national standards, such as the National Council of Teachers of Mathematics' Principles and Standards for School Mathematics (2000) , the National Research Council's National Science Education Standards (1996) , the Standards for Technological Literacy (2000) , the Accreditation Board for Engineering and Technology's Engineering Criteria 2000 (1997) , and most recently the Common Core State Standards Initiative for Mathematics (2011) . Utilizing the work of Gorham, Newberry, and Bickart (2003) as a basis toward the development of STEM literacy is a viable strategy that will provide coherence and a robust foundation toward development of the standards. This will enable instructional practices that will enable all students to achieve both academic and technological abilities in all career pathways and future leadership in technical occupations. Table 1 details the correlation of ideas and concepts in both standard and outcome between the twenty Standards for Technological Literacy (STL) and the eleven Accreditation Board for Engineering and Technology (ABET) Engineering Criteria outcomes. Table Key: = denotes a correlation in ideas and concepts in both standard and outcome = denotes the ideas and concepts may not be directly addressed, but the ideas are supported in both standard and outcome = denotes an implied idea or concept that may be used in both standard and outcome Table Key: = denotes a correlation in ideas and concepts in both standard and outcome = denotes the ideas and concepts may not be directly addressed, but the ideas are supported in both standard and outcome = denotes an implied idea or concept that may be used in both standard and outcome Table Key: = denotes a correlation in ideas and concepts in both standard and outcome = denotes the ideas and concepts may not be directly addressed, but the ideas are supported in both standard and outcome = denotes an implied idea or concept that may be used in both standard and outcome Table Key: A checkmark refers to the topic being mentioned or covered in some manner, but it may not be directly stated. Gorham, Newberry, and Bickart (2003) .
Table 1 Comparison of Standards for Technological Literacy with ABET Engineering Criteria
ABET A B C D E F G H I J K STL 1
Conclusion
At a minimum, employers rely on career and technical education (CTE) and workforce training systems to supply workers able to perform in their jobs (Rojewski 2002) . In CTE classes that seek to integrate STEM concepts, it falls to the instructors to design and sequence the learning experiences that will promote such a deliberate practice. Instructors must also arrange learning experiences that help students learn to identify the knowledge and skills needed for expert practice, as well as to develop that knowledge and skill set. This paper provided a standards-based framework based on the STL to lay a foundation for STEM instruction supporting the goal of STEM literacy. It is the intent of this paper to contribute to ongoing discussions among educators, employers, parents, and all those concerned, to seek coherence in STEM instruction through a common standards-based approach. This will serve as the benchmark for accomplished teaching of STEM disciplines in CTE programs preparing individuals for the jobs of the 21 st century, consequently requiring that CTE teacher education programs be organized around STEM literacy standards.
